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[57] ABSTRACT

A polymer dispersed liquid crystal optical device has
two substrate each having an electrode layer. At least
one of the substrates is transparent. An ultraviolet-cured
product, such as a polymer material and a liquid crystal
material, are sandwiched between the substrates and the
respective electrode layers. The ultraviolet-cured prod-
uct 1s made of an ultraviolet-curable fluorine-containing
acrylate or epoxy series compound having the follow-
ing formula.

17 Claims, 2 Drawing Sheets
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POLYMER DISPERSED LIQUID CRYSTAL
OPTICAL DEVICES

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a polymer dispersed liquid
crystal optical device or liquid crystal film and in partic-
ular to a polymer dispersed liquid crystal optical device
or liquid crystal filtm which is made functional by a light
transmission and scattering mode and is used in display
devices for displaying a character, picture, diagram,
figure and etc. Light valves, light shutters, or the like,

or switchable windows control transmission and cut-off
of indecent light.

2. Description of the Related Art

Practical applications use conventional liquid crystal
optical devices or liquid crystal films, TN type optical
devices using nematic liquid crystal and STN type opti-
cal devices. In recent years, development on ferroelec-
tric liquid crystal and antiferroelectric liquid crystal has
been performed. However, these liquid crystals have
heretofore required the use of a polarizer, thus there is
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a defect because these liquid crystals with a polarizer
have restricted brightness and contrast.

In contrast thereto, WO 83/01016, the disclosure of
which is hereby incorporated by reference herein. This 45
disclosure teaches a method of encapsulating a liquid
crystal material and dispersing such encapsulated liquid
crystal material in a high molecular weight resin to give
a polymer dispersed liquid crystal optical device. The
optical device has a low attenuation of light because it
does not require a polarizer. In this optical device, the
encapsulated liquid crystal material alters a refractive
index in the presence or absence of an electric field.
Therefore, an encapsulating medium is selected so that
it has a refractive index which is matched to that of the
liquid crystal material under application of voltage. The
resulting optical device becomes transparent when volt-
age 18 applied thereacross and becomes opaque due to
light scattering when no voltage is applied thereacross.
The polymer material for use in this prior art device
includes polyvinyl alcohol, gelatin or the like.

Furthermore, optical devices which utilize a change
in a refractive index of a liquid crystal material are
known in which the liquid crystal material is dispersed
in a two-pack system epoxy resin consisting of an un-
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rial is dispersed in the polymer material, a high driving
voltage is required because of the strong interaction
caused at an interface between the polymer material and
the liquid crystal material.

SUMMARY OF THE INVENTION

Accordingly, an object of this invention is to provide
a polymer dispersed liquid crystal optical device in
which a photo-curable compound containing fluorine is
used as a matrix resin of a liquid crystal material to
reduce or weaken an interaction between the liquid
crystal material and the matrix resin, thus reducing the
driving voltage. |

According to this invention, the above object is ac-

5 comphlished by providing a polymer dispersed liquid

crystal optical device, comprising: two substrates each
having an electrode layer, at least one of the substrates
being transparent; and a photo-cured product and a
hiquid crystal material which are sandwiched between
the substrates, the photo-cured product being made of a
photo-curable compound selected from the group con-
sisting of a fluorine-containing acrylate series com-
pound having the following general formula [Ij:

[T}
" j
(I:—Y—(I:—OCHZCI:HCHZO ﬁ-—— C=CH,
CF; CF3 OH O

n

wherein X represents H or CH3, n is any positive num-
ber, Y represents a

t :@ ‘

group and A represents H or a ﬂuoro(C14C1o)alkyl
group, and a fluorine-containing epoxy series com-
pound having the following general formula {II]:

[1]
(|3F3 (I'.IF3 (|3F3 (]T,F3
CHy—CH—CH»~—0O C—2Z~C—0OCHCHCH,0O C—2—C—0OCH—CH—CH>
N/ | | | l | N\ /0
O CF3 CF; OH CF;3 CEFj3 O

cured epoxy resin and a curing agent (WO 85/04262)

and m an ultraviolet-curable resin (U.S. Pat. No. .

4,728,547), the disclosures of which are hereby incorpo- 65
rated by reference herein.

- In the above-mentioned polymer dispersed liquid
crystal optical device in which the liquid crystal mate-

i

wherein Z represents a
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group, A represents H or a fluoro(C1-Cjg)alkyl group
and n 1S zero or any positive number.

In the above-mentioned general formula [I), it is pre-
ferred that X is H or CHj3, Y is

and n 18 1,2 or 3, in the general formula [II], it is pre-
ferred that Z 1s

CHy=CHC-~OCH;CH-—CH,0O

J :
O OH

0 '
CHy=C—C—0CH,CH—CH,0O

|
OH

CH=CHC—OCH;CH—CH,0

I I
O OH

CH,=CHC~-—-OCH,CH—CH,0

|
O OH

|
O
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CEF3

andnisQ, 1, 2 or 3.
Each of the substrates for use in this invention has an

electrode layer with a high transparency, such as ITO
(indium tin oxide) or the like, on the surface thereof. At
least one of the substrates is transparent. The substrates

are made of glass, plastics, metal or the like. The two
substrates are disposed so that the electrodes are ar-
ranged on the side of a light valve layer. The spacing
between the substrates can be arranged by using a
spacer, such as 1s used in an ordinary liquid crystal
device. Preferably the spacer is in the order of about
3-30 pm.

The liquid crystal material for use in this invention
includes all of liquid crystal materials of nematic, smec-
tic, cholesteric types. In addition, a dual frequency
addressable liquid crystal can be used when the sign of
Ae changes due to the applied frequency. Furthermore,
some colors can be produced by using a host-guest type
liquid crystal in which a dichroic dyestuff is incorpo-
rated. Various principles of this invention may be em-
ployed with various ones or combinations of the known
types of liquid crystal material. It is preferred that the
ratio of the liquid crystal material to be mixed is within
the range of about 40-90 wt. % on weight of the com-
position.

The acrylic series compounds represented by the
general formula [I] of this invention include, for in-
stance, the compounds having the following formulae:

P
(l.‘,—OCHg(I'JHCHZO ﬁCH=CH2
CF; OH O

P P
(l: O O ' (I'J—OCH;;(IJHCHZO ﬁlCH= CH;
CEF; - CF3 OH O
n
T
(IZ-OCHg(l'JHCHgO ﬁCH=CH2
CF3 OH O
1
(I3F3 ([:HE
(II—OCHg(iJHCHzo fi'.]‘,—- C=CH,
CF; OH O

T
C
|
CFEF;
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~-continued
CHj3 CF3 CF3 CH3
CH2=(I:—C-—OCH2CH—CH20 (I: @—C—OCHZCHCHgo C-—-C—CH;
" (!)H (I3F3 CF3
CHj; CF3 CF3 CH3
CHg—(’:—C—OCH;;CH—-CHzO é: (!'J—OCH;;CHCHgO c—-(IZ—CHz
6  om L & om ,

A

wherein A is as defined above and nis 1, 2 or 3.
Prepolymers, may be mixed with the acrylic series
compounds of the general formula [I] in order to further
enhance stability, uniformity or reliability in the optical
device. These prepolymers are not particularly limited

-
CH—CH—CH),0 C
N / !
O CF3

if they are compatible with the compounds represented
by the formula [I]. The prepolymers include, for in-
stance, 2-ethylhexyl acrylate, cyclohexyl acrylate, cy-
clopentanyl methacrylate, butylene glycol dimethacry-
late, 2-hydroxypropyl acrylate, tricyclodexyl acrylate,
tetrahydrofurfuryl acrylate, ethylene glycol diacrylate,
styrene, both ends acryl-modified polybutadiene, butyl
acrylate, 1,4-butanediol diacrylate, pentaerythritol tri-
acrylate, trimethylolpropane triacrylate, urethane acry-
late oligomer and the like. Of course, the prepolymers
are not limited to the above-mentioned prepolymers. In
addition, a coupling agent, such as gamma-mercapto-
propyl trimethoxysilane or the like, may be added
thereto according to the need.

It is ordmanly preferred that a ph0t0polymenzat10n
initiator is added in order to promote a photo-curing
reaction. The photopolymerization initiator can be con-
ventional. The initiators include, for instance, acetophe-
nones such as 2,2-diethoxy-acetophenone, 2-hydroxy-2-
methyl-1-phenyl-1-on, 1-(4-1sopropylphenyl)-2-
hydroxy-2-methylpropane-1-on, 1-(4-dodecylphenyl)-2-
hydroxy-2-methylpropane-1-on, 2-methyl-1-[4-(methyl-
thio)phenyl]-2-morpholinopropane-1; benzoins such as
benzoin methyl ether, benzoin ethyl ether, benzoin iso-
propyl ether, benzyldimethylketal and the like: benzo-
phenones such as benzophenone, benzoylbenzoic acid,
4-phenyl benzophenone, 3,3-dimethyl-4-methoxyben-
zophenone and the like; thioxanthones such as thioxan-
thone, 2-chlorothioxanthone, 2-methylthioxanthone
and the like.

The polymerization initiators may be in a solid or

liquid form but it is preferred, from the standpoint of

uniformity in the device, that these initiators are dis-
solved 1n or compatible with the photo-curable com-
pounds. Concentration of the initiator is preferably
about 30 wt. % or less, and more preferably about 1-5
wt. %, based on weight of the photo-curable com-
pound, from the standpoint of the reliability of the de-
vice. A co-initiator, such as methyldiethanolamine, 4-

n

dimethylaminobenzoic acid or the like, may be added
thereto according to the need.

The epoxy series compounds represented by the gen-
eral formula [II] of this invention include, for instance,
the compounds having the following formula:

(|3F3 CF3
(ID-—OCHQCHCHZO ‘Q(‘JF;;
CF, CF3 C—-0OCHy;—CH—CH>

I N\ /
CE3

30

wheremnis 0, 1, 2 or 3.

Epoxy compounds, which may be combined with the
epoxy series compounds of the general formula [II] in
order to enhance stability, uniformity or reliability in
the optical device, are particularly limited if the epoxy
compound 1S compatible with the epoxy series. For
instance, there can be used 2-ethylhexyl glycidyl ether,
butanediol diglycidyl ether, pentaerythritol polyglyci-
dyl ether, trimethylolpropane polyglycidyl ether,
phenyl glycidyl ether, tetrafluoropropyl glycidyl ether,
cyclohexane epoxide or the like. However, the epoxy
compounds are not limited to the above-mentioned
compounds.

It is ordinarily preferred that a photopolymerization
initiator is added to promote photo-curing reaction. As
for the photopolymerization initiator, there can be used
diazonium salt, sulfonium salt, iodonium salt or sele-
nium salt series initiators or the like, which are ordinar-
ily used. Concentration of the initiator is preferably
about 30 wt. % or less, more preferably about 1-5 wt.
%, based on weight of the photo-curable compound,
from the standpoint of the reliability of the device. A
co-initiator, such as methyldiethanolamine, 4-dime-
thylaminobenzoic acid or the like, may be added thereto
according to the need.

The polymer dispersed liquid crystal optical device
according to this invention has different applications,
for instance, light valves for controlling the transmis-
sion and cut-off of incident light, light shutter (e.g.
constructional materials such as windows, partitions or
the like) and display devices for displaying character,
picture, diagram, figure and etc.

In the liquid crystal optical device according to this
invention, the driving voltage is successfully reduced
by using the fluorine-containing compound as the
photo-curable compound such as an ultraviolet-curable
compound or electron radiation curable compound.
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The foregoing and other objects and features of this
invention will be more apparent from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partially and schematically cross-sectional
view of a polymer dispersed liquid crystal optical de-
vice according to this invention;

FIG. 2 1s a graph showing the relation between trans-
mission and applied voltage of a polymer dispersed
hiquid crystal optical device of Example 1 accordmg to

this invention; and

FIG. 3 1s a graph showing the relation between a
pulse voltage applied across the polymer dispersed lig-
wd crystal optical device of Example 1 according to
this invention and an electric charge holding ratio of the
optical device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

This invention will be hereinafter described in more
detaill with a reference to the following non-limiting
working Examples. The accompanying drawings and
the effects practically achieved by this invention will
also be discussed in detail in comparison with Compara-
tive Example.

F1G. 1 shows a partially and schematically cross-sec-
tional view of a polymer dispersed liquid crystal optical
device according to this invention. The optical device
includes two substrates 1 each having an electrode layer 30
2 on the surface thereof, a photo-cured compound or

10

15

20

25

8
C. and irradiated with ultraviolet rays of 15 mW/cm?2
for 3 minutes to cure the ultraviolet-curable resin.

The resulting polymer dispersed liquid crystal optical
device was measured for its electro-optical properties as
shown in FIGS. 2 and 3. FIG. 2 shows the relation
between transmission (%) of the device and applied
voltage (V) thereacross. FIG. 3 shows the relation be-
tween a pulse voltage applied across the device and the
elapsed time, to determine an electric charge holding
ratio thereof. As can be seen from FIG. 2, the driving
voltage Vop (90% of saturated transmission) at 25° C.
was 4 V (light source: He—Ne laser, electric field: 100
Hz rectangular waves). The contrast of the device was
120 (F number: 15). Also, when voltage of 5V (100 Hz)
was applied across the device, response time to “on”
was 15 ms and that to “off” was 20 ms (on and off are
defined as the time needed, respectively, for the change

of a transmission from 0% to 90%, and from 100% to

10% of its saturated transmission). In addition, the de-
vice had an electric charge holding ratio 95% as can be
seen from FIG. 3.

After extracting the liquid crystal with ethanol, a
polymer film was observed with SEM (scanning elec-
tron microscope) so that a size of the resulting liquid
crystal droplets was in-the range of about 1-2 um.

EXAMPLE 2

A mixture solution of 24 wt. % of ultraviolet-curable
resin UV3000 (trade name, manufactured by DAIKIN
Industries Ltd.) containing a fluorine-containing acryl
compound having the following formula:

e
(|3F3 ?“OCHQ(I:HCHZO—'ECH-—CHZ
CH;=CHC—OCH,CH—CH>,O—C CF3 OH

product 4 as a matrix resin and droplets of a liquid crys-
tal material 3 dispersed in the matrix resin. The photo-
cured compound and the liquid crystal material are
sandwiched between the substrates and each of the
electrode layers. The optical device may be fabricated
by sandwiching a photo-curable compound and the
liquid crystal material, which is dispersed in the photo-
curable compound, between the two substrates and then
curtng the photo-curable compound according to the
conventional curing process.

EXAMPLE 1

A mixture solution of 24 wt. % of ultraviolet-curable
resin UV 3000 (trade name, manufactured by DAIKIN
Industries, Ltd.) containing a fluorine-containing acryl
compound having the following formula:

45

50

33

CF;
CF3 I
CH,=CHC—OCH CH--CHgo--JZ (|3F3 (I)H
5 u LF;

16 wt. % of 2-ethylhexyl acrylate and 60 wt. % of a
positive dielectric anisotropic nematic liquid crystal 65
RDP71120-1 (trade name, manufactured by RODIC
Co., Ltd.) was injected into a liquid crystal cell having
a gap of 10 um. This liquid crystal cell was kept to 18°

| |
OH CF3

16 wt. % of 2-ethylhexyl acrylate and 60 wt. % of a
posttive dielectric anisotropic nematic liquid crystal E8
(trade name, manufactured by MERCK Co.) was in-
Jected into a liquid crystal cell having a gap of 10 um.
This liquid crystal cell was kept to 22° C. and irradiated
with ultraviolet rays of 15 mW/cm? for 3 minutes to
polymerize the ultraviolet-curable resin. The resulting
polymer dispersed liquid crystal optical device was
measured on electro-optical properties in the same man-
ner as in Example 1. The driving voltage Vgg at 25° C.
was 6 (100 Hz) and contrast was 110. Also, when the
voltage of 6 V (100 Hz) was applied across the device,
the response time to “on” was 10 ms and the response
time to “off” was 15 ms. In addition, the device had an
electric charge holding ratio of 65%.

After extracting the liquid crystal with ethanol, a

C—0OCH;CHCH;O—CCH=CH,

polymer film was observed with SEM so that a size of
the resulting liquid crystal drOplets was 1n the range of
about 1-2 um.
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EXAMPLE 3

The same procedures that were used in Example 1 are
repeated except for using a fluorine-containing acryl

compound having the following formula: 5
T
0 [ | |
CH2=C—(I;..—OCH2(|3H—CH20—(I3 CEH; OH
O OH CF3

in place of the acryl compound as used in Example 1 to
give a liquid crystal optical device. The resulting opti-
cal device has electro-optical properties similar to those
as shown in the above-mentioned Examples.

15

Comparative Example 1

The same procedures that were used in Example 2
were repeated except for using a mixture solution of an
urethane acryl oligomer M1200 (trade name, manufac-
tured by TOAGOUSEI Chemical Industry Co., Ltd.)
as a photo-curabie compound and 2-ethylhexyl acrylate
(a mixing ratio of 1:1 by weight), to give a liquid crystal
optical device. The resulting optical device was mea-
sured for its electro-optical properties under the same
conditions as in Example 2. The driving voltage Vg at
25° C. was 15 V (100 Hz) and contrast was 100.

EXAMPLE 4

A mixture solution of 30 wt. % of ultraviolet-curable
resin UV3100 (trade name, manufactured by DAIKIN
Industries, Ltd.) containing a fluorine-containing epoxy
compound having the following formula:

20

25

30

CF; CF3

| |
CF; C—0OCHCHCH»O C

| | | |
CHy~—CH—CH,0 C Ch3; OH CFE3
N/ |
O CEF3

n

and 70 wt. % of a positive dielectric anisotropic nematic
liguid crystal E8 (trade name, manufactured by
MERCK Co.) was poured in a liquid crystal cell having
a gap of 10 pm. This liquid crystal cell was kept to 45°
C. and irradiated with ultraviolet rays of 100 mW/cm?
for 10 minutes to polymerize the ultraviolet-curable
resin. The resulting polymer dispersed liquid crystal
optical device was measured for its electro-optical
properties in the same manner as in Example 1. The
driving voltage Vgg at 25° C. was 6 V (100 Hz) and
contrast was 100. Also, when the voltage of 6 V (100
Hz) was applied across the device, the response time to 55
“on” was 12 ms and the response time to “off”” was 18
ms. In addition, the device had an electric charge hold-
ing ratio of 65%. | |

After extracting the liquid crystal with ethanol, a
polymer f{ilm was observed with a SEM so that a size of 60
the resulting liquid crystal droplets was in the range of

about 0.5-1 pm.
- As discussed above, this invention can provide the
polymer dispersed liquid crystal optical device having a
low driving voltage. In addition, the device is close to a 65
TN type device because of the low driving voltage.
Further it has the high electric charge holding ratio.
Thus it is possible to perform active matrix driving due

45

50

10

to a TFT type device using the ordinary liquid crystal
dniver.

While this invention has been described in connection
with certain preferred embodiments, it is to be under-
stood that the subject matter encompassed by this in-

T

C—OCH;CHCH,O—C—C=CHj

|
O

vention 1S not to be limited to those specific embodi-
ments. On the contrary, it is intended for the subject
matter of the invention to include all alternatives, modi-
fications and equivalents as can be included within the
spirit and scope of the following claims.
- What 1s claimed is:
1. A polymer dispersed liquid crystal optical device,
comprising: |
two substrates each having an electrode layer, at least
one of said substrates being transparent; and
a photo-cured product and a liquid crystal material
which are sandwiched between said substrates, said
photo-cured product being made of a photocurable
fluorine-containing acrylate series compound hav-
ing the following general formula [I]:

X

|
CH;=C—COCH;CH—CH,0—

|
OH

[1]

|
O

T
C—OCH;~CH—CHj;

| N\ /

CE3 O

CH3 CL3 X

| | |
C—Y—C—OCH;CHCH,0——C—C==CH,

| | | I
CF; CF3 OH O
I

wherein X represents H or CH3, n is any positive num-
ber, Y represents a

or
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prepolymer selected from the group consisting of 2-
ethylhexyl acrylate, cyclohexyl acrylate, cyclopentanyl
methacrylate, butylene glycol dimethacrylate, 2-
hydroxypropyl acrylate, tricyclodexyl acrylate, tetra-
A 5 hydrofurfuryl acrylate, ethylene glycol diacrylate, sty-
rene, both ends acryl-modified polybutadiene, butyl
acrylate, 1,4-butanediol diacrylate, pentaerythritol tri-
acrylate, trimethylolpropane triacrylate and urethane
acrylate oligomer.
10 8. The polymer dispersed liquid crystal optical device
defined in claim 1, wherein said fluorine-containing
or acrylate series compound is mixed with 2-ethylhexyl
acrylate.
9. A polymer dispersed liquid crystal optical device,
15 comprising:

two substrates each having an electrode layer, at least
@ N one of said substrates being transparent; and

-continued

a photo-cured product and a liquid crystal material
which are sandwiched between said substrates, said

20 photo-cured product being made of a photo-cura-
ble fluorine-containing epoxy series compound
group and A represents H or a fluoro(Ci-Cjp)alkyl having the following general formula [II]:
[1I]
o o
CH;———CH—CH,0 C—Z—~—C—0OCH,CHCH,0 C—Z—C—OCH,—CH——CH,
N /7 I I | | | N/
O CF3 CF3 OH CF; CF3 O
144
[11]
(IL‘F 3 (|3F3 (I:F3 CF3
CHy——CH—CH>;—0O C—Z~C—0OCH,CHCH,O C—24—C—0OCH~—CH—CH>
N/ | | | I | N/
O CF3; CF3 OH CF; CF; O

H

group.

2. The polymer dispersed liquid crystal optical device
defined in claim 1, wherein said photo-curable com-
pound is an ultraviolet-curable compound. 40

3. The polymer dispersed liquid crystal optical device
defined 1n claim 1, wherein said X in the general for-
mula [I] represents H. |

4. The polymer dispersed liquid crystal optical device
defined in claim 1, wherein said Y in the general for- 45

mula [I] represents
50 . .
or

335

wherein Z represents

5. The polymer dispersed liquid crystal optical device

defmed 1n claim 1, wherein said n in the general formula
[1] is 1.
6. The polymer dispersed liquid crystal optical device

defined in claim 1, wherein said X in the general for- '
mula [I] represents H, said Y therein represents A

60

and n therein 1s 1. 65 .
7. The polymer dispersed liquid crystal optical device , S O or
defined in claim 1, wherein said fluorine-containing - _

acrylate series compound is mixed with at least one
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-continued

group, A represents H or a fluoro(Cy-Cjp)alkyl group

CH;=CHC—-OCH;CH—CH;0—C

and n 1s zero or any positive number.
10. The polymer dispersed liquid crystal optical de-

N
0

vice as defined in claim 9, wherein said photo-curable
compound is an ultraviolet-curable compound.

11. The polymer dispersed liquid crystal optical de-
vice defined in claim 9, wherein said Z in the general
formula [II] represents

12. The polymer dispersed liquid crystal optical de-
vice defined in claim 9, wherein said n in the general
formula [I1] is 1.

13. The polymer dispersed liquid crystal optical de-
vice defined in claim 9, wherein said fluorine-containing
epoxy series compound is mixed with at least one com-
pound selected from the group consisting of 2-ethyl-
hexyl glycidyl ether, butanediol diglycidyl ether, penta-
~ erythritol polyglycidyl ether, trimethylolpropane poly-
glycidyl ether, phenyl glycidyl ether, tetrafluoropropyl
glycidyl ether and cyclohexene epoxide.

14. A polymer dispersed liquid crystal optical device,
comprising;:

CF3 CF3
CF3 C-—OCHQ,CHCHZO'—C (|3F3
CH ——CH—CHgo-C CF3 C—OCH,—CH——CH,.

30

35

43

S0

35

65

14

two substrates each having an electrode layer, at least
one of said substrates being transparent; and

an ultraviolet-cured product and a neumatic liquid
crystal material which are sandwiched between
sald substrates, said nultraviolet-cured product
being made of an ultraviolet-curable compound
selected from the group consisting of a fluorine-
containing acrylate series compound having the
following formula:

CFEs

|
CF3 C—OCH;CHCH,O—CCH=CH,

| | | ||
CF3 OH

| |
OH CF3

and a fluorine-containing epoxy series compound hav-
ing the following formula

I N /

CKF3 O

15. The polymer dispersed liquid crystal optical de-
vice defined in claim 14, wherein said fluorine-contain-
Ing acrylate series compound is mixed with at least one
prepolymer selected from the group consisting of 2-
ethylhexyl acrylate, cyclohexyl acrylate, cyclopentanyl
methacrylate, butylene glycol dimethacrylate, 2-
hydroxypropyl acrylate, tricyclodexyl acrylate, tetra-
hydrofurfuryl acrylate, ethylene glycol diacrylate, sty-
rene, both ends acryl-modified polybutadiene, butyl
acrylate, 1,4-butanediol diacrylate, pentaerythritol tri-
acrylate, trimethylolpropane triacrylate and urethane
acrylate oligomer.

16. The polymer dispersed liquid crystal optical de-
vice defined in claim 14, wherein said fluorine-contain-
ing acrylate series compound is mixed with 2-ethyl-
hexyl acrylate.

17. The polymer dispersed liquid crystal optical de-
vice defined in claim 14, wherein said fluorine-contain-
Ing epoxy series compound is mixed with at least one
compound selected from the group consisting of 2-
ethylhexyl glycidyl ether, butanediol diglycidyl ether,
pentaerythritol polyglycidyl ether, trimethylolpropane
polyglycidyl ether, phenyl glycidyl ether, tetrafiuoro-

propyl glycidyl ether and cyclohexene epoxide.
* * * ¥ %
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